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AROMATIC AMINE CURATIVES AIVD THEIR USE 

TECHNICAL FIELD 
This invention relates to novel mixtares of substituted aromatic amines which are 
effective curatives for use ia themanu&cture of polyurethane-ureas andpolyureas, and to tiie 
use of such mixtures in the production of polyurethane-urea and polyurea polymers. 

BACKGROUND 

3,5-Di(methyllhio)-2,6-diaminotoluene{aJ!:.a 3,5-di(me£hylthio)-2,6"toluenediamine)is 
an effective curative in the preparation of polyurethanes (U.S. Pat No. 4,982,002). 
Unfortunately, the compound is veiy costly to produce, as the intermediate for its production, 
2,6-diamjnotoluene, is itself very expensive. Thus in practice relatively pure 
3,5-di(methylthio)-2,6-diaminotoluene is typically prepared by reacting a 
commercially-available, relatively low-cost mixture of about 80% 2,4-diaminotoluene and 
20% 2,6-diaminotoluene with methyl disuhSde to form an q)proximate 80:20 mixture of 

3.5- di(mefliylthio)-2,4-diairiinotoluene and 3,5-di(methylthio)-2,6-diaminotoluene, and 
subjecting this mixture to rather tedious, time-consuming separationprocedures to recover the 

2.6- diamino isomer. Also, the reaction rate of 3,5-di(methylthio)-2,6-diaminotDluene with 
isocy anate prepolymer is relatively fast, and thus handling of the reaction mixture can be 
difScuit 

The ^proximate 80:20 mixture of 3,S-di(metiiylthio)-2,4-diaminotoluene and 
3,S-di(methylthio)-2,6-diaminotoluene itself is a cost-effective commercially-available 
curative sold as EIHACURE® 300 curative by Albemarle Corporation. The product is a 
low-viscosity, liquid aromatic diamine curative for eitha: 2,4- or 80 :20 TDI poly ether and TDI 
polyesterprepolymers. Cast polyuretime physical properties are coiiq>arable to or 
those reported with other typical aromatic diamines. 

It would be highly desirable if new polyurethane chain extenders could be found that are 
easier and thus less costiy than pure 3,5-di(methylthio)-2,6-diaminotdluene, that are less 
reactive with isocyanate prepolymer than 3,5-di(methyltiuo)-2,6-diaininotoluene, and, if 
possible, that could produce polyurethane polymers having thermo-mechanical properties at 
least comparable, if not superior, to those of a mixture formed by methylthiation of a mixture 



JSOOaD: <W0 0170841 A2 I > 



wo 01/70841 



PCT/US01/08;943 



of 80% 2,4-<iiammotolueiie and 2,6Hiiaminotohifiiie as described, for example, in U.S, Pat 
Nos. 4,982,002. 

This invention makes it possible to achieve most, if not all, of these desirable objectives. 



SUMMARY OF im 
Punmant to an embodiment of this invention there is provided a mixture of isomeric 
alkyltfaiated mononuclear arotnatic amines c(niy)iisiiig in t^^ 
of® at least one component of Ihe formula 




d in the range of 30 to 70 mole percent of (ii) at least one component of &e formula 




herein Ql isanalkylgroupoffrom 1 to4carbonatoins,Q^i^^ 

atom or an alkyl group of from 1 to 4 carbon atoms, and each R is, independently an alkyl 
group of fiom 1 to 4 carbon atoms, and ^^ein Ihe total percentage ofQ) and Qx) in the 
mixture is at least 90 mole pGrceaty and preferably at least 95 mole percent, such mixture 
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optionally containing vqp to 10 moie percent, and preferably up to no more than 5 mole 
percent, of oiie or more isomers of ® and (ii). 

Pursuant to ano&er embodiment ofUm invention, intiie above foimulas is ahydtogen 
atom. Thus in this embodiment theie is provided a mixture of isomeric alkylthiated 
mononuclear aromatic anoines comprising in ih& range of 30 to 70 mole percent of (i) at least 
one 3,5-Kti(alkylthio)-2,6Kiiamino-l-alkylbenzene and in the range of 30 to 70 mole pCTcent 
of at least one 3,5KK(alkylthio)-2,4-diamino-l-aIkylbenzene, suchmixture containing atleast 
about 90 mole percent of and (ii), and optionaUy containing iq) to 10 mole percrat of one 
or more isomers of (i) and/or (ii). Preferred mixtures contain in the range of 40 to 60 mole 
percCTt of (i), and in the range of 40 to 60 mole percent of (ii), with at least about 95 mole 
percent of the mixture being (i) and (ii), and optionally to about 5 mole percent of the 
mixture being one or more isomers of (i) and/or (n). Particularly pxefened are mixtures as 
above iii \siiich the mixture comprises in the range of 52 to 58 molb percent of (i) and in the 

w 

range of 42 to 48 mole percent of (ii), and the total percentage of (i) and Qi) inihe mixture is 
at least 98 mole percent, such mixture optionally containing up to 2 mole percent of one or 
more isomers of Q) and (ii). In each of these embodiments the two alkylthio groups and the 
alkyl groxsp in the 1 -position each contain, independentiy , in the range of 1 to 4 carbon atoms. 
More preferably, the two alkylthio groiqjs are either methylthio or ethyltiiio groups, most 
preferably methylthio, and the alkyl group in the 1-position is methyl. 

Another embodiment of this invention is the provision of jyrocesses of producing 
polyurethanes using a mixture of isomeric aU^lthiated mononuclear aromatic amines of this 
inventioiL In one such process apolyurethane-iirea cast elastomer is produced by casting into 
a mold a reaction mixture of an isocy anate prepolymer and a curative comprising at least one 
mixture of isomeric alkylthiated mononuclear aromatic amines of this invention, and curing 
tiie reaction mixture in the mold. 

Still another embodiment of tiiis invention is a polyurethane-urea formed by curing an 
isocy anate prepolymer mth anuxture of isomeric cdQcylthiated mononuclear aromatic amines 
of this inventioiL For example, this inventionprovidesapolyurethaiie-ureapofymerprodi^^ 
in accordance with a process of any of origiiiaUy presented Claims 13-24 hereofl 

These and other embodiment and features of tins invention will be still fiirther q)parent 
from tiie ensuing description, the accompanying Drawing, and the appended claims. 

3 
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. BRIEF DfiSCRimON OF THE DI^ 
Fig. r is a gr^hical presentation of results of thenno-mechanical measurements of 
several polyurethane cast elastomers in a dicomettic dynamic analyzer. 

FrntTHERtoETAHjED DESCKIPTION 

As indicated above, this invention relates in part to a general area of technology vMck 
is commonly refen^ to as polyurethane technology. Strictly speakmg, ho wever^ \^en the 

• novel substituted aromatic diamine mixtures of this invention are used in making 
**poIyurethane" polymers, the products are eiliier polyurethane-xireas or polyureas depmding 
upon tiie makeup of the polymerizable materials used in the reaction. Thus v^en an 
isocy anate reacts ^th both a hy droxyl-temiinated material and an amine-temiinated material 
and all polymerizable materials have more than one reactive site, the result is the formation 
of apolyurethane-urea. But ^^hen an isocyaiiate and an amine-tefminated material are used 
and both have more than one reactive site, the result is the fomuttion of a poiyurea. 

A feature of this invention is that the mixtures of this invention \^en used as curatives 
with isocy anate prepolymers can pro vide polyurethane-urea 

properties relatively close to those obtainable with pure 
3,5-di(alkylthio)-2,6-diamino-l -allg^lbenzene, which is muchmore difBcult and expensive to 
produce. In addition, the mixtures of this invention can provide polyurethane-urea polymers 
with thermo-mechanical properties significantiy better than polyurethane polymers produced 

• using a corresponding 80:20 mixture of a 3,5-KU(alkylthio)-2,4-diainino-l-alkylbenzene- 
3,5-^(alkylthio)-2,6-dianiino-l-alkylbenzene. 

These highly beneficial results were demonstrated by a groiq) of comparative e;q>eriments 
^^iierein polyurethane-urea polymers were prepared using tiuree di£ferent curatives, and the 
thermo-mechaxucal properties of the resultant polymers were determined. The curatives used 
were: 

Curative A- essentiaUy pure 3,5-^(methylthio)-2,6Hiiamiiu>toluene (2,6^DN^^ 
Curative B - EIHACURE® 300 curative (Albemarie Corporation), an 80:20 blend of 

2,4-DMTDA and 2,6-DMTDA isomers; and 
Curative C - a composition of this invention composed of an approximate 45:55 

mixture of 2,4-DMTDA and 2,6-DMTDA isomers. 

4 
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For the pinposes of these comparative tests Cur^ve A was prepaied using a laboiatoiy 
synthesis in which the product was recovered by careful fractionation Chirative B was a 
sample of the commercially-produced ETHACUKE?* 300 curative. Curative C was formed 
by mixing together a sample of the 2,6-DMTDA and a sample of EIHACURE*^ 300 curative 
to produce the isomer blend of 45:55 2,4:2,6-DMTDA isomers. These three respective 
curatives were used to cure Adiprene* LF-950A, a TDI/PTMEG type isocg^anate prepolymer 
manu&ctured by Uniroyal Chemical Company. Thermo-mechanical prop^ty evaluations 
were carried out usiiig a xheometnc dynainic analyze &om lUaeometrics, 

Tlie three polymers for tiiese tests were prepared as fallows: A steel mold was 
conditioned by first coating its sur&ces with a silicone mold release and then conditioning it 
at lOO^C. Itwas ofthe type thatproduces two 5-inchx6-'inchx0.080-inchdieets 
The prepolymer, Adiprene*^ LF-950A (120 grams) was placed in the mixing tube of a Kogan 
polymer reactor and was brought vp to reaction temperature under a vacuum to condition and 
degas it before mixing. An amount of the curative under test equal to 95% of the number of 
equivalents of i^ocyanate present, was heated to its process tenq)eratuie, and was then added 
to the prepolymer in the mixing tube. The two Uquid components were inixed for one ininiite 
and the resultant mixture was poured into the molds. The filled molds were then placed in an 
oven at lOO^C and left for 30 minutes. Aft^ the 30-minute in-mold cure time the polymer 
parts were removed fix)m the molds and were replaced in the oven set at lOO^C for a 
post-cure. The parts were allowed to stay at their post-cure temperature for an 1 8-hour period 
after which they were cooled to room tenq)erature before cutting test pieces. 

Infhe thermo-mechanical property evaluations, sample parts 0.25-inch X 1.5-rnch^ 
cot fit>m the resulting polymer sheets and tested on the theometric dynanolc analyzer, ranging 
the temperature fit>m room temperature (25^C) to 250^C at lO'^C/minute while the apparatus 
measured the diange in polymer stifGaess (GO and the energy absorbed by the polymer 
(tan-delta) in the process. It was found that in terms of polymer dynamic modulus (G^, 
Curative C of this invention produced a polyurefliane polymer of tiiis invention having 
sub standally better dynamic modulus as compared to the polymer made using the commercial 
product In &ct. Curative C of this invention produced a polyurethane polymer of this 
invention having a dynamic modulus of comparable to that of tiie polym^ formed with 
Curative A, the curative that is much more e3q>ensivetp produce an^ These results can 

5 
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be seen by inspection of the test data depicted in Fig. 1 of the Drawmg. In terms of energy 
absorption (tan-delta), &ere was little difference among the three polymers. Table 1 sets forth 
the onset temperature of dynamic modulus drop off for each polymer, and also &e 

tf>rnpi»rafweR nf the Tnavinmim tan-delta for each polymerj all as dfitemnmed from t^iQ nirves 

ofFig. 1. These results are refeired to in Table 1 as Test Group i. Table 1 also presents tiie 
same data points for another set of %ee samples formed in &e same way fix}m 
materials, the only differmce being in the higher post cure temperature used (te., 16 hours at 
130°C). These results are referred to in Table 1 as Test Groijp n. 



Table 1 ■ Summary of RDA Test Results 









;,:duicative A" Polyni^ •" 


G' softening onset 
temperature, 


141.43 


157.94 


160.88 


Temperature at tan 
Delta max., **C 


208.75 


21631 


216.08 


TesfGtoup n v. " ' 


... .. .., 

Gnratiye B FplymeF 


•■. •■ ■ t •. ... " 
Corattve C Polym^ 


'Citicative A Pdijaheis. 


G softening onset 
temperature, °C 


139.88 


149.70 


155.64 


Temperature at tan 
Delta max., ^'C 


202.18 


211.07 


215.91 



As noted above, the mixtures of isomeric alkylthUtted mononuclear aromatic amines 
comprise in the range of 30 to 70 mole percent of component and in the range of 30 to 70 
mole percent of component (li). Such mixture contains at least about 90 to 100% mole 
I)ercent of the combination of conoponents (i) and (ii), and optionally contain itp to 10 mole 
percent of one or more isomers of (i) and/or Qx). Preferred mixtures contain in the range of 
40 to 60 mole percent of Q, and in the range of 40 to 60 mole percent of (ii), with at least 
about 97 mole percent of the mixture being (i) and 0i), and optionally up to about 3 rnole 
percent oflheixuxtuie being one or more isomers of Q) and/or (ii). Particularly pr^erred are 
mixtures as above in v^ch the mixture comprises in tiie range of 52 to 58 mole percent of (i) 
and in the range of 42 to 4 8 mole percent of (ii), and the total percentage of (i) and (ii) in the 
mixture is at least 98 mole parent, such mixture optionally containing up to 2 mole percent 
of one or more isomers of (i) and (ii). In each of these embodiments the alkyl group in the 
1-position, (and the other alkyl group on thering, if present) and tiie two alkylthio groups each 

6 
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contain, independently, in the range of 1 to 4 carbon atoms. More preferably, the two 
alkyllhio groi5>s are either m^ylthio or ethyltbio groi?)s, most preferably melhylthio. Most 
preferably Ihe alkyl groi^ in the 1-position is methyl, and there is no second alkyl groiq> on 
the ring (ie , in &e above formulas is a hydrogen atom). 

Non-limiting examples of conq>onent (i) include 3,5-di(propylthio)-2,6-diaminotoluene, 
3,5-di(propylthio)-2,6-diamino-l,4-xyl«Qe, 3,5-di(isopropyltiiio)-2,6-diaminatoluene, 3,5- 
di(isopropylthio)-2,6Kiiamino-l,4-xylene, 3,5KU(butylthio)-2,6-dianMnotoluene, 3,5^ 
thio)-2,6-diamino-l,4-xylene, 3,5KU(tert-butyKhio)-2,6-Kiiaminotoluene, 3,5-di(tert-butyl- 
thio)-2,6-diamino-l,4-xylene, and the homologous compounds in \^ch the methyl group in 
the 1-position and/or in the 4-positidn is replaced by an ethyl, propyl, or butyl groiq), as well 
as &e more preferred and the most prefored compounds exemplified below, and mixtures of 
any two or more of any such compounds viiether preferred and/or notpreferred. Compounds 
having two different alkylthio groiq>s, such as, fox examifle, 3-ethylthio-5-methyl- 
thio-2,6-diaminotoluene can also be present Non-limiting examples of more preferred 
component (i) compoimds include 3,5-di(ethylthio)-2,6-diaminotoluene, 
3,5-di(ethylthio)-2,6-diamino- 1 ,4-xylene, 3 ,5-di(ethylthio)-2,6-diamino-l -methyl- 
-4-ethylbenzene,andthehomologouscompoundsinwHcheitherorbothoftheme&^ 
in the 1- and/or 4-positions is/are r^laced by a C2-C4 alkyl group, such as, for example, 
3,5-di(ethylthio)-2,6-diamino-l-ethylbenzene, 3,5-di(ethylthio)-2,6-diamino- 

1.4- die£hylbenzene, and3,5-di(ethylthio)-2,6-diamino-l-bulylbmzene. Most preferred are the 
methylthio substituted compounds, such as, for example, 3,5-di(methyl- 
thio)-2,6-diamino-l -toluene, 3,5-di(methylthio)-2,6-diamino-l,4-xylene, 

3.5- di(methylthio)-2,6-diamino-l-methyl-4-ethylbenzene, 3,5-di(methylthio)-2,6- 
dianuno-l-ethyl-4-me1hyIbeirzene, and the homologous compounds in vMch methyl groi:qp 
in the 1- and/or the 4-position is/are replaced by a C2-C4 alkyl group, such as, for example, 
3,5-di(methylthio)-2,6-diamino-l-ethylbenzene, 3,5-di(methylthio)-2,6-diamino- 
-l,4-diethylben23ene, and 3,5-di(methylthio)-2,6-diaiimio-l-bu^lben2ene. 

NQn-linutmgexanc5)lesof con3ponent(ii) iiiclude 3,5kU^ 
3,5-di(propylthio)-2,4-diamino-l,6-xylene, 3,5-di(isopropylthio)-2,4-diaminotoluene, 
3,5-di(isopropylthio)-2,4-diaiQino-l,6-xylenej 3,5-di(butylthio)-2,4-diaminotoluene, 
3 ,5-di(buty Ithio)-2,4<liamino- 1 ,6-xylene, 3 , 5-di(tert-butylthio)-2,4-diaminotoluene, 

7 
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3,5-Kfi(tert-butylthip)-2,4-diamiiM^ ,6-xylene, and the homologous compounds m vM^oh the 
methyl groi^ in the 1-position and/or the 6-posrtion is/are replaced by an eftyl, propyl, or 
butyl groiq), as well as the more preferred and the most preferred compounds exmiplified 
below, and mixtures of dny two or more of any such conq)ounds \^ilelher {^referred and/or not 
preferred Compounds having two difi^ient alkjrlthio groups, such as, for example, 

3- edLylthio-5-me1hylthio-2,4HUaminotoluenecanalsobep^ Non-*limiting examples of 
more preferred component (ii) compounds include 3,5-Kfi(efhylthio)-2,4-diarninotoliiene, 
3,5-di(ethylthio)-2,4-diamino-l,6-xylene, 3,5-di(ethylthio)-2,4-diamino-l-methyl- 
-6-etby Ibenzene, and the homologous conq)ounds in which either or both of the methyl groiq)S 
in the 1- and/or 6-position is/are replaced by a C2-C4 alkyl group, such as, for example, 
3,5-di(ethylthio)-2,6-diamino-l-ethylbenzene, 3,5-di(ethylthio)-2,4-diamiiio- 
-l,6-diethylben2ene, and 3,5-di(efiiylthio)-2,4-diaiiuno-l-birtylbenzene. Most preferred are 
the methylthio substituted compounds, such as, for ^cample, 3,5-di(methyl1hio)- 

' 2,4-diaminotoluene, 3,5-di(methylthio)-2,4-diamino-l ,6-xylene, 3,5-di(methylthio)- 
. 2,4-diamino-l-methyl-6-ethylbenzene, 3,5-di(methylthio)-2,4-diamino-l-ethyl-6-methyl- 
benzene, and the homologous compounds in \^ch die me&yl groiq) in the 1- and/or 

4- position is/are replaced by a C2-C4 alkyl groiq>, such as, for exair5)le, 
3,5-di(methylthio)-2,4-diamino-l-ethylbenzene, 3,5-di(mefhylthio)-2,4-diamino-l ,6-diefiiyl- 
benzene, and 3,5-di(methylthio)-2,4-dianiino-l-butylben2ene. 

Most preferred mixtures are those in yAddh component (i) is 3,5-di(methylthio)-2,6- 
diaminotolijene and component (ii) is 3,5-di(methylthio)-2,4-diami^ 

The isomers of components 0) and (11) that can be present in limited amounts in the 
: mixtures of this mvention can be any positional isomer or isomers in vMch there are (A) two 
C1-C4 alkyltfaio ^ups, two amino groups, one C1-C4 alkyl group, and one hydrogen atom on 
the ring and/or (B) two CX-C4 alkyllhio groups, two amino groups, and two Ci-C4 allqrl groups, 
in positions other than the positions specified above for components Q) and (ii). 

^fixtures of components (i) and (n) and, if present isomer(s) ttiereo^ that have two 
alkylthio groups, two amino groups, one alkyl group, and one iQ^drogen atom on the ring are 
preferred over components (i) and (ii) and, if present, isomer(s) thereof that have two 
aIkyltMogroi5)S, two ainino groups, and two alkyl groi5)S on them However naixtures of 

8 
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any and all such components or isomers can be used provided the propdrtibns of the imixtoie 
meet the requirements specijBed heran. 

The inixtures of Ihis invention can be formed l]y blending t^^ 
individually or in the form of (1) at least one component (i) compound and (2) a preformed 
mixture of at least one component 0) compound and at least one component (ii) compound. 
Another Vfay of producing such mixtures involves alkylthiation of ^ropriately-proportioned 
blends of flie corresponding alkyl-substrtuted aromatic diamines. Methods for producing sudi 
compounds are described for example in U.S. Pat Nos. 4,595,742; 4,760,1 88; and 4,982,002, 

Synthesis of 3,5-di(methylthio)-2,dKiiaininotoluene (2,6-DMH)A) can be performed as 
follows: The reactor used is a five-gallon reactor equipped with an impeller stirrer, a 
themiocoiqple thermometer, a dropping funnel inserted into the chargingport, and an ov^head 
condenser to condense and return dimethyldisulfide (DMDS) to the reactor. The condenser 
outlet is connected to a tube leading to a three-gallon can with outlet and inlet The can, 
cooled with dry-ice, is used to collect methyl msxcaptan co-product which can be disposed of 
by burning after completion of the reaction. 2,6-Toluenediamine (Aldrich Chemical Co.) (9 
and 98/1 00 kilograms; 81.8 moles) is melted and then added to the five-gallon stirred reactor. 
Copper iodide (4.3 mole%, 340 grams, 1 .75 moles) is also added and the mixture is allowed 
to stir for an hour at 150**C Dimeftyldisulfide (DMDS) addition is tbm commenced 
Addition of DMDS is continuous, and the reactor temperature is maintained betwe^ 
143-147°C for 8 hours. The reaction can be monitored by GC and ^en the % 2,6-DMTDA 
is greater than 97%, the reaction is stopped. 

Crude 2,6-DMTDA is transfOTed into a five-gallon can containing 560g of NaOH to 
precipitate the catalyst Thisrnixtureisstiiredovernightwithapaddlestirrerinsertedthio 
thedrumtop. FoUowing filtration to remove tiie catalyst, the cnide product is charged to a 
5-gallon reactor fitted with a glass overhead &stened to the reactor by means of a rubber 
stopper in the charge port. Purified 2,4-DMIDA is then recovered by distillation. Li an 
operation conducted in this mannex, the distillation yielded 10,986g (62%) of 95% pure 
2,4-DMrDA, b.p, 1 80^C/1 .3 torr. 

Synthesis of 3,5-di(methylthio)-2,4-diaminotoluene (2,4-DMTDA) can be performed as 
follows: The reactor used is a five-gallon reactor equipped with an impeller stirrer, a 
thermocoiiple tfaennometer, a dropping funnel inserted into the charging port, and an overhead 
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coiuleoser to condense and return dimetlqridisalfide (DMDS) to ib& reactor. The condenser 
outlet is connected to a tube leading to a three-gallon can with outlet and inlet The can, 
cooled with diy-ice, is used to collect methyl mercaptan co-product which can be disposed of 
by burning after conq)letion of the reaction. 2,4-Toluenedianune (Aldrich CSiemical Co.) (9 
and 98/1 00 kilograms; 81.8 moles) is melted and then added to the five-gallon stirred reactor. 
Copper iodide (43 mole%, 340 grams, 1 .75 moles) is also added and &e mixture is allowed 
to stir for an hour at 150**C. Dimethyldisulfide (DMDS) addition is then commenced 
Addition of DMDS is contuxuous, and the reactor temperature is maintained between 
143-147X for 8 hours. The reaction can be monitored by GC and when the % 2,4-DMTDA 
Is greater than 97%, the reaction is stopped. Table 2 shows the progress of a synthesis 
performed for 8 homs in this manner. 



Itofe. fir 



Table 2 - Alkyltfaiolation of 2,4-Tolueaiediamine (TDA) 



%TDA ■ 



•.%^o No, 2,. • %2,4r DMIt)A 



1 



33.7 



7.7 



52 



6.5 



13.3 



21.1 



32 



33.6 



5.7 



20.1 



22.9 



51.2 



1.9 



15.7 



13.9 



68.3 



0.6 



9.1 



80.7 



1.3 



0.6 



97 



0.8 



0.5 



97.1 



8 



0.6 



0.2 



97.5 



trace 



Crude 2,4-DMTDA is transferred into a five-gallon can containing 560g of NaOH to 
pc6cq>itate the catalyst Thisniixtareisstirredoveniigfattvitiiapaddlestinsr inserted Ihroi^ 
llie drum top. Following filtration to remove the catatyst, tiie crude product is charged to a 
5-gallon reactor fitted with a glass overhead fiistened to the reacted by means of a rubber 
stopper in the diarge port Purified 2,4-DMTDA is then recovered by distillation. Jn an 
operation conducted in this manner, the distillation yielded 10,986g (62%) of 95% pure 
2,4-DMTDA, b.p. 180''ai.3 torr. 

PolytureOiane-ureas of tiiis invrention ate formed by curing an isocyanate pt^olymer with 
amistoeofisomericallcyltbiated mononuclear aromatic amines described above. If desired. 
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the procedures and conditions described U.S. Pat No. 4,595,742 can be used for this purpose. 
Other processes are possible but typically, however, the isocyaiiaie |xrepolymer and the 
mixture of the isomeric alkylfhiatedmononuclear aromatic amines of this hivention aren[uxed 
together in proportions in the range of 80 to 1 3 0 equivalents, and preferably in the range of 
90 to 100 equivalents, of the isomeric alkylthiated monoimclear aromatic amine mixture per 
hundred equivalents of the isocyanate prepolymer. Typically Ifaese materials v^^ien mixed are 
at or above room temperature, but d&er or bd& materiab can be ^ The 
mold used is preferably preconditioned by use of a suitable mold release agent such as a 
silicone conditioning agent 

The mixture is flien added to the mold \^ch has been heated to one or more temperatures 
in the range of 25 to 130**C. Hie polymeric part is left in the mold for a suitable period in die 
range of 10 to 40 minutes. Typically the polymer is removed ftom the mold and then 
post-cured for 1 to 20 hours at a temperature in the range of 25 10^50*^0. 

Isocyaiiaie prepolymers containing in the range of 2 to 29 wt^ of unre^ 
groups are preferably used in forming the polyurethanes of this invmtion, and a wide variety 
of such prepo}yma:s are available as articles of commerce. 

Table 3 summarizes the results of comparisons of Vicat and DSC melt point 
determinations on the several polymers (Test Group m) made in the same y/ay from the same 
materials as Test Group II above, except the pr^lymer used was Adiprene LF-601-D. The 
Vicat softening point tests were conducted in accordance with ASTM D 648-82, wifli a 50**C 
per hour rate of temperature increase. The DSC softening point data were obtained with the 
rate of temperature increase being lO^'C per hour. 



Table 3 ■> Summary of Vicat and DSC Test Results 



TestGrooplfl; ' , ' . ' , - 


Cufative B Polymer 


■v. 

GnradreC Polymer ' 


Curative A Polymier* 


Vicat Soflming Point. "C 


175 


185 


205 


DSC Melt P(nii^°C 


220 


225 


244 



From the foregoing description it can be seen ihat this invention provides novel mixtures 
of substituted aromatic ainines ^^ch can be used ia the manufacture of polyurethane-ureas 
and polyureas in any of a wide variety of processes and under a variety known process 
conditions in wfaidi any of a varied of additional known components are also employed 



11 



SOOCIO:<WO O170841A2 I > 



wo 01/70841 PCT/USOl/08943 

This invention also provides a variety of mefliods in ^^ch these novel mixtures are 
employed in combinatidn with one or more known reaction components and/or additive 
components. Amopg the varions methods by ^^ch the process may be practiced are, for 
exan^le, reaction injection molding (RIM) processes, cast elastomer processes, foain 
elastomer processes, resin trans&r molding processes, rotational molding process^, spray 
processes, two-part spray coating processes, as well as any other methods of polymerization 
known in the polyurethane arts. 

In addition^ this invention provides new and useful polyurefhanes, polyurefhane-ureas, 
and polyureas which can be made by using a novel inixture of substituted aroint 
this invention as an extender or curing agent in any conventional process technique known in 
thepoIyurethane,poIyurethane-urea,orpoIyurea arts. As an example of such pplyuretfaanes, 
polyurethane-ureas, and polyureas, this invention in one of its embodiments provides a 
polyurefliane-urea or polyurea produced by reacting: * 
- A) anuxtureofisomericalkylfhiatedinononucleararomaticaminesco 

of 30 to 70 mole percent of (i) at least one conqionent of tiie formula 




and in the range of 30 to 70 mole perc^ of (ii) at least one component of the 
formula 
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wherein is an alkyl groxrp of from 1 to 4 carbon atoms, is, independently, a 
hjrdiogen atom or an aUcyl gjcoxsp of from 1 to 4 caibon at6ms> and each R is^ 
independently an alkyl groxq) of from 1 to 4 carbon atoms, and T^iierein the total 
percentage of (i) and (ii) in the mixture is at least 95 mole percent, such mixture 
optionally containing up to 10 mole poicent of one or more isomers of and (ii); with 

B) a di- or polyisocyanate or an isocyanate prepolymer contarning free -NCO groups, or 

C) a blend of a di- or polyisocyanate or an isocyarutte prepolymer containing free -NCO 
groiq)s with at least one hydtoxyl- or amine-t^rminated aliphatic compound. 
Referencehasbeenmadeinthisdisclosuretoisocyaxiateprepolymers. As is well-known 

in the art, such prepolymers are reaction products comprising free-isocyanate groups that are 
prepared by reacting an organic active hydrogen group-containing compound (e.g., a di- or 
polyfrmctional hydroxy compoimd, such as polyols, hydroxyl-termiriated polyesters or 
polyethers, and castor oil) with a stoichiometric excess of a polyiSocyauate component In 
some instances, a large excess can be added to the reaction zone and subsequently some of the 
excess removed by distillation orflashunderreducedpressure* The prepolymer contains free 
-NCO groups in an amount over the range of 0.1 to 20 percent by weight, preferably 0.5 to 
15.0 percent by weight, more preferably 2.0 to 7,0 percent by weight. The initial process step 
yields a prepolymer vMck has not yet been extended by the chain extenders provided by tiiis 
invention. The amount of polyisocyanate used is generally from about 1.1 to 2 or more 
equivalents per equivalent of organic active hydrogen groiq>-containing compound. This 
prepares a prepolymer which can then be reacted with the chain extender comprising ain 
aromatic diamine mixture of tiiis invention which acts as a'^curing agent" 

It may be desirable to admix the curing agent and the prepolymer after the prepolymer has 
been heated to a temperature to reduce the viscosity of the prepolymer. This temperature is 
above 25*^0, usually above 50°C, more usually above about 70**C. However, the ten^erature 
should not be so high as to exceed tiie point at which the prepolymer or any material admixed 
therewidi undergoes an undesirable amount of themial deconqx)sition. This is generally 
avoided by keeping the temperature below 150°C usually about 100**C or lower. By way of 
example, a cast elastomer may be produced pursuant to this invention from a prepolymer first 
prepared by reacting toluene diisocy anate (80 weight percrat 2,4- and 20 weight percent 2,6- 
isomers) with a polyester of adipic add and ethylene glycol such that the isocyanate number 
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is 1 . 1 . This prepolyma: Is then stirred wrtfa a sufBdent quantity of one of the chaia extenders 
of flie invention such ihat the isocyanate number is reduced to about 1 .0. The resultant mixture 
is poured into a mold that has been preheated toll 0°C. The resultant product is removed from 
the mold iafter at least about 5 nainitfes or more, typically after 1 h^ 

The di- or polyisoc^^anate components >^ch can be used in fornoiiig poly^ 
polyorethane-ureas of this invention can be organic isoqranates containing at least two -NCO 
groups in tiie molecule, including for example aliphatic, cy cloaliphatic, araliphatic, aromatic, 
and heterocyclic polyisocyanates among others. A few specific illustrative exanq>les include 
ethylene diisocyanate, tetramethylene-l,4Kiiisocyanate; hexametiiylene^l,6-diisocyanate, 
dodecane-l,12-diisocyaiiate;cyclobutane-^l,3-diiso(yan 

cyclohexane-l,4-diisocyanate (and mixtures of these isomers); l-isocyaixato-33,5^ 
trimethyl-5-isocyanatomethyl-cyclohexane; hexahydrotolylene-2,4-diisocyanate; 
hexahydrotolyIene-2,6-diisocyanate (and mixtures of these isomers); hexahydrophenylene- 
1,3-diisocyanate; hexahydrophenylene-l,4-diisocyanate; perhydrodiphenylmethane- 
2,4'-diisocyaiiate;peihydrodiphenylmethane-4,4'-diisocyanate;phenylene-l^ 
phenylene-l,4-diisocyanate; tolylene-2,4-diisocyanate and tolylene-2,6-diisocyanate (and 
mixtures of tiiese isomers); diphenylmethane-2,4*-diisocyanate; diphenyhnethane-4,4'- 
diisocyanate; naphthylene-1 ,5-diisocyanate; triphettylmethane-4,4',-4"-triisocyanate; 
polyphenyl-polymethylene polyisocyanates; meta and para isocyanato- 
phenylsulfonylisocyanates; perchlorinated aiyl polyisocyanates; polyisocyanates having 
carbodiimide groiq>s; polyisocyanates containing allophanate groi^>s; polyisocyanates 
containing isocyanurate groups; polyisocyanates containing urethane gro\q)s; polyisocyanates 
containing acylated urea groups; polyisocyanates containing biuret groiq>s; polyisocyanates 
prepared by telomerization reactions; polyisocyanates having ester groups; reaction products 
of the above-mentioned isocyanates with acetals; polyisocyanates containing polymeric &tty 
add groups; l^,5-ben2enetriisocyanate; polyary^lyalkylmepolyisocyanates such as 
polymethylenepolyphenylisocyanate; isocyanates prepared by the phosgenation of the reaction 
product between aniline and formaldehyde having a functionality of 2.2 to 3.5; and others, 
such as are referred to in Encyclopedia of Polymer Science and Tehcnology, John Wiley & 
Sons, copyright 1969, volume 1 1, pages 506-563. 
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As a general nile, it is preferred to use readily available polyisocyanat^ such as 
tolylene-2,4-diisocyanate and tolylene-2,6-diisocyanate and mixtures of these isomers (TDI); 
polypheoylpolymethyleiiepolyisocyanates; and polyisocyanates iDonbdning carbodiimide 
groups, urefhane groups, allophanate groiips, isoc^anuiate groups, urea groups, or biuret 
groups or mixtures of any of the above. 

The conq>onent of tfaepolyuretbane reaction mixture desoibed herein as an organic active 
iQrdrogen group-containing compound is typically a polyether diol or a polyester diol. 
However the organic active hydrogen group-containing conq)OTmd may be a similar 
component suitable for reaction with the polyisocyanate component to form a prepolymex in 
ih& cast elastomCT embodiment of the inventioiL Typically, tiie polyols contain about 90 
percent of the hydroxyl groiqps present as primary hydrb^ls, 

Thepolyether polyols useildfortheinventionaremade by polymerization of cyclic ethers 
such as ethylene oxide, propylene oxide, bulylene oxide, and teti^ydrofuran. These cyclic 
ethers can be used individually or as mixtures or in successive fEishion when Tnalfing a 
polyether. For example, vAxexi it is desired to prepare a polyether polyol with a predominance 
of hydroxyl groups bonded to primary carbon atoms, it is known that such materials can be 
made by initially polymerizing propylene oxide and/or a higher oxide and then reacting the 
iotOTnediate thereby produced with ethylene oxide. The organic compounds typically have 
at least two primary hydroxyl gcovps (or amine terminal groins) and a molecular weight of 
from 400 to 12,000, more preferably fiom 400 to 7,000 or 5,000. Typically, 4e polyethers are 
made by polymerization of ethylene oxide alone or as a mixture with propylene oxide, 
bulylene oxide, THF, or in succession addition. Polythioefhers, polyacetals, polycarbonates, 
polyester amides and polyamides, and other polyhydioxyl compounds may also be used. 

The amine terminated polyether resins are useGil for the invention of polyether resins 
made &om an appropriate initiator to which lower alkylene oxide such as ethylene oxide, 
propylene oxide, butylene oxide, or mixtures thereof are added with the resulting hydroxyl 
terminated polyol then being aminated. When two or more oxides are used, they may be 
present as random mixtures or as blocks of one or the other polyether. In the amination step 
it is highly desirable that the terminal tq^droxyl groups in the polyol be essentially all 
secondary hydroxyl groiq)S for ease of amination. Normally, the aminadon step does not 
completely replace all of the hydroxyl groups. However, the m^ority ofthe hydro^qrl groins 
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are replaced by amine.groxips. Therefore the amine terminated polyefher resins useful in this 
invention generally liave greater than 50% of the active hydrogens iii the form of amine 
hydrogens. If ethylene oxide is used it is desirable to react the iQr^ 

a small amount of higher allsylene oxide to ^osure that the tmninal hydroxyl groiq)s. are 
essmtially all secondary hydro^l groins, Thepolyols are thereaft^ reductively laminated 
Suitable polyesters containing hydroxyl groijps include, e.g. reaction products of 
polyhydric (preferably dihydric) alcohols, optionally wifli the addition of tnhydric alcohols, 
and polybasic (preferably dibasic) carboxylic acids. Instead of fiee polycarboxylic adds, the 
corresponding polycarboxylic add anhydrides or corresponding polycarboxylic acid esters of 
lower alcohols or mixtures thereof may, of course, be used for preparing the polyesters. The 
polycarboxylic acids may be aliphatic, cycloaliphatic, aromatic, and/or heterocyclic and they 
ixiay be substituted, e.g. by halogen atoms, and/or inay b^ 

include succinic acid, adipic add, sebadc acid, phthalic add, isophthalic acid, trimellitic add, 
phihalic add anhydride^ tetrahydrophthalic add anhydride, hexahy drophthalic add anhydride, 
tetrachlorophthalic add anhydride, glutaric add anhydride, maldc add, maidc add 
anhydride, dimeric and trimeric &tty acids such as oleic add. Exemplary polyhydric alcohols 
include ethylene glycol, propylene glycol, butylene glycol, hexanediol, dctanediol, neopentyl 
glycol, cyclohexane dimefhanol, 2-mefliyl-l,3-propanediol, glycerol, trimethylolpropane, 
hexanetriol, butanetriol, trimethylblethane, pentaetythritol, maimitol, sorbitol, methyl 
glycoside, diethylene glycol, triethylene glycol, dipropylene glycol, polypropylene glycol, 
dibutylene glycol, and polybufylene glycols. The polyesters may also contain a proportion of 
carboxyl end groups. Polyesters of lactones may also be used. The polyesters have at least 2 
and generally ftom 2 to 8, preferably 2 or 3, hydroxyl groi?>s. 

The organic active hydrogen groiip-containing compounds thus include polyediers, 
polyhydroxy polyols, amine terminated polyethers, and other compounds. Ihey^ are sometimes 
referred to as having isocyanate reactive hydrog^ or Zerewitinoff active l^drogens. Of 
course, such a description niay also refer to &e hydrogens of the chain ex^ 

Release agents generally kno^ in the art as '^external mold release agents,'* sudi as 
silicon oils, are fiequently used when carrying out a oast elastomer process and also for certain 
RIM processes. Varioiis '"internal mold release agents'* may also be used. 
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of tb^lcha^ df di§ ac^i^e Iq^ 

ooni^tihd. tlmt is!, ihei ^piuaxitities . of reactahts u§ed in Hie p^nck^e^^^ to 1h6 jpresent 

iiivdatidn gMi^calfy Mjusrt^d slo fliat the iiiblar latid of polyiskxTf^fi^^ cdinbini^ ia^^e 

depeodij^ )[jr6cediir6 «mpl^^ with $«tep©I^a^^ in a cast 

dastbMei^^prdb^ the isc^anabei content 6f tlii6 pre^olytiier is^^ abotit 1 to 10 p^eicen^ 
weipti jpftferably 2 to 7 pbrcentlyy^i^^ Withntm-ii^^ 

cont^i 1^ wdghi is mudh higher, e g. 19 weigihf perce^ mbrc. This cxMbinbd active 
hydrogen groins aiid amino gm (fibm the diamine ^i^issaS^ must acck)idingiy a>n^prise 
a total mdlsif ^mbi^ 

Tini^ for cast elastozhd: ine[x>lyiner ^f^ sy^stenis a pb^oh of diamine is chosen 

s6 that Iheifiaaid of free ---NCO grm^ gniips is firom 1:0.8 to 1:1 Ql^ piefeifably 1:0.95 

to 1:1.05. Th^ is/ about bniei cjquivalent pisirt of pr^blymer is reacted with abotit a 
stbichiotnetnc eqidvMentps^ of diamine. 

The ixibM mtio of ieaictive hydrogens in Ihb chdin Iragth^tuikg agent, to reac^ gix>tjps 
in the oi^mi^ active hydrogen groiqiKxmtaM compomd iiiay vary vvitbin wide liinits but 
i3 preferably within the 1.5 such tiiat the pbljruretlMes dbtdned range fiom 

soft to li^d pdlyiners. The chain e^t^der ^e^efiBilly comprises filom 2^50 weight percent, 
preferably 5-30 weight p«rom^ of the reaction mi}dure for the elastomer. 

Elastic md semi-elastic foanis are obtainable by using the |k>lyuie1^^ components of 
the present invention and such fi)ams may be used in iq>hoIstery^ paddit^ materials, and 
ihatb^e^es. 

At^ve hyd]x>genK^a^^ (impounds are often utilized as reaction coinponMts ^en 
fonhihg jk>Iyi^^ See for example tJ.S. PatNo. 4^294^934. Thoi^ in ai^ operation 
^^dierein ah aMve hydrogen grotq^^ or desnably used in 

forming tile pbl^et; st^^^ 

Folyufetha^ be formed ly reacting th@ a»mponents of a system bveir a broad range 
of temperatures^ gaa^dly room tem?^^ I SO'^G^ preferably 35^G to llO^G. 
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Typically polyurethane elastojtners are made by pouring a reaction mixture into a mold 
the mixture is allowed to cure. Production can be carried out by a one-slK>t or a 
prepotymer method. In the prepolymer method, an organic active hydrogen groiq>-conta3ning 
conq)Ound, often a polyol, of about 400 to 5,000 molecular weight and of the polyester or 
polyether type, is reacted with a stoichiometric excess of diisocyanate to produce a 
prepolymer. Chain ext^ision is then carried out ynOx a chain extender mixture of this 
invention. In the one-shot method an isocy anate stream is mixed with a stream containing the 
other coii5)onents, usuaDy itKJluding a catalyst such as dibutyl tin dilau^ 

Factors influencing the finnl properties of the polymer are molecular structure, chain 
entanglement, and secondary binding forces such as the hydrogen bonding and Van der Waals 

.r 

forces. These are controlled by selection of &e molecular components employed, as well 
knovm in the art For example, typically each backbone exhibits its own advantages and 
disadvantages; e.g. polyetiaer types display better resilience, iSwer heat buildiq)^ better 
hydrolytic stability, good low temperature properties, and low processing viscosity. The 
polyest^, however, are tough, abrasion-resistant elastomers with better oil resistance and can 
be produced at lower costs. It should be noted that these comparisons are made wi^ urethanes 
having the same hardness. 

A common technique for producing high quality castings is by the use of an automatic 
dispensing machine. Hie machine degasses the prepolymer either in a batch or continuous 
mode and meters it along with the chain extender in controlled proportions to a mix head. 
Here the components are mixed thorou^y, then discharged into a mold. A significant 
advantage in liquid casting is that less capital expense is required for processing equipment 
as contpared to that needed for the tiiermoplastic or naillable gum elastomers. 

Urethane cast elastomers of the type known in the art have a hardness range of 
approximately 10 Shore A to 80 Shore D. These polymers are tough, abrasion-resistant, with 
good mechanical strength and oxidation resistance. They are used in truck tires, grain chute 
liners, conveyor belts, gears, seals, and in many industrial parts. 

The polymerization mixtures and finished compositions of this invention may also 
include other materials commonly employed in making polyurethane products. Hiese include 
blowing agents such as water, and volarile organic substances such as volatile hydrocarbons 
or certam volatile halohydrocarbons or halocarbons. One or more additional components such 
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as one or more flame retardants, emulsifiers, reaction decelerators; dyes, cell regulators, 
bacteriostatic agents, mold release agents, foam stabilizers, and fillers, m^ also be included 
A catalystinay comprise fit>m about 0.00001 to 10weightpercent,preferablyfix>m 0.001 
to 1.0 weight percent of the total reaction mixture. Tin coiiqK)uhds are typically used as 
catalysts- 

Conq)onents referred to by chemical name anyvs^ere in the specification or claims 
hereof, \dietherrefeired to inthe singular or plural, are identified as they exist prior to coining 
into contact with anotiier substance referred to by chemical name or chemical ^rpe (e.g., 
another component, or a solvent). It matters not what preliminary chemical changes, 
transformations and/or reactions, if any, take place in the resulting inixture or solution as such 
changes, transformations, and/or reactions are the natural result of bringing the specified 
components together under the conditions called for pursuant to this disclosure. Thus tiie 
components are identified as ingredients to be brought together in coimection with performing 
a desired operation or in forming a desired composition. Also, even tiiough the claims 
hereinafter may refer to substances, components and/or ingredients in the present tense 
("comprises" or '*is"), Ihe reference is to the substance component or ingredient as it existed 
at the time just before it was first contacted, blended or mixed with one or more other 
substances, componerrts and/or ingredients in accordance with the present disclosure. Thus 
the fact that a substance, component or ingredient may have lost its original identity tiirough 
a chemical reaction or transformation during the course of contacting, blending or mixing 
operations, if conducted in accordance with tins disclosure and with the qyplication of 
conunon sense and the ordinary skill of a chemist, is thus wholly immaterial for an accurate 
understanding and cppreciation of the true meaning and substance of this disclosure and tiie / 
claims thereof . 
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THAT WHICH IS CXAIMED IS: 

L AcoinpQsitionxvhichcoii^prisesamix^ 
aromatic amines comprisiiig in the range of 30 to 70 mole percent of (i) at least one 
component of the formula 




and in the range of 30 to 70 mole percent of (ii) at least one component of the formula^ 




vsdierein is an alkyl gronp of from 1 to 4 carbon atoms, is, independently, a hydrogen 
atom or an alkyl groiip of &om 1 to 4 carbon atoms, and each R is, independently an alkyl 
group of from 1 to 4 carbon atoms, and ;v^iierein tiie total percentage of (i) and ^i) in the 
mixture is at least 90 mole percent, such mixture optionally containing vp to 10 mole percent 
of one or more isomers of (i) and (ii). 

2. A composition of Claim 1 wherein &e total percentage of (i) and 0x) in said 
mixture of isomeric alkylthiated mononuclear aromatic amines is at least 95 mole percent and 
wherein such mixture optionally contains up to 5 mole peiceat of one or more isomers of (i) 
and (ii). 
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3 . A coBqx)sition of Claim 1 i^eiein said mixture comprises iii the range of 40 to 
60 mole pCTcent of (i), and in the range of 40 to 60 mole percent of (ii), and the total 
percentage of (i) and (n) in the mixture is at least about 97 mole percent, such mixture 
optionally containing up to about 3 mole percent of one or more ppsitidnal isomers of (i) and 

Gi). 

4. A conq>osrtion of Claim 1 A^dierein said mixture comprises in the range of 52 to 
58 mole percent of (i), and in the range of 42 to 48 mole percent of (ii), and the total 
percentage of (i) and (ii) in the mixture is at least about 98 mole percent, such mixture 
optionally containing to about 2 mole percent of one or more positional isomers of (i) and 

5. Acompositionof Claim 1 wherein is a hydrogen atom. 

6. A composition of Claim 5 wherem said mixture comprises in the range o 

60 mole percent of (i), and in the range of 40 to 60 mole percent of (ii), and the total 
percentage of (i) and (ii) in the mixture is at least about 97 mole percent, such mixture 
optipimlly containing up to about 3 mole percent of one or more positional isomers of (i) and 

(ii). 

A composition of Claim 5 wherein said mixture comprises in the range of 52 to 
58 mole percent of (i), and in the range of 42 to 48 mole percent of Qx)y and the total 
percentage of (i) and (ii) in the mixture is at least about 98 mole percent, such mixture 
optionally containing vnp to about 2 mole percent of one or more positional isomers of (i) and 
Cii). 

8. A composition of Claim 5 vAerein the alkyl group in the 1 -position is metiiyl and 
the alkylthio grot^s in coii^>onents (i) and (ii) are, independentiy, methylthio or ethylthio 
groups. 

9. A composition of Claim 8 wherein said mixture conqnises in the range of 40 to 
60 mole pesrcent of (i), and in the range of 40 to 60 mole p^x^ent of (ii), and the total 
percentage of (i^ and ^ in die mixture is at least about 97 mole percent such mbctuie 
optionally containing up to about 3 mole percent of one or more positional isomers of (i) and 
Cii), 

10. A composition of Claim 8 wherein said mixture comprises in the range of 52 to 
58 mole percent of (i), and in the range of 42 to 48 mole percent of (if), and the total 
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percentage of (i) and (ii) in flie mixture is at least about 98 mole peicent, such mixture 
optioiially containing vp to about 2 mole percmt of one or more positional isomers of (i) and 

(ii). 

11. A conaposition of Claim 5 ^^dierein said mixture is a naixture of 30 to 70 mple 
percent of 3,5-di(me&ylthio)T2,6KUarninotoluene and in the range of 30 to 70 mole percmt 
of 3,5-di(methylthio)-2,4-diaminotoIuene, such mixture containing at least about 95 mole 
percent of 0 and (li), and optionally containing vap to about 5 mole percent of one or more 
positional isomers of (i) and (ii). 

12. A con5>osition of Claim 5 A^teein said rnixture is a nii^ 

percent of 3,5-di(mefhylthio)-2,6-diaminotoluene and in the range of 40 to 60 mole percent 
of 3,5-di(me£hylthio)-2,4-diaminotoluene, such mixture containing at least about 95 mole 
percent of (i) and (ii), and optionally containing up to about 3 mole percent of one or more 
positional isomers of (i) and * ' 

13. A cdmposition of Claim 5 wherein said mixture is a mixture of 52 to 58 mole 



patient of 3,5-di(methylfhio)-2,6-dianiinotoluene and in the range of 42 to 48 mole percent 
of 3,5-di(methylthio)-2,4-diaminotoluene, such mixture containing at least about 98 mole 
percent of (i) and (ii), and optionally containing up to about 2 mole percent of one or more 
positional isomers of (i) and (ii). 

14. Aprocess of producing apolyurefhane which comprises contacting an isocyanate 
pre[K)lymer with a mixture of isomeric alkyltbiated mononuclear aronmtic amines and curing 
the resultant mixture, said mixture of isomeric alkyltbiated mononuclear aromatic anoines 
prior to said contacting comprising in the range of 30 to 70 mole percent of (i) at least one 
comnonent of the formula 
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and in the lange of 3 0 to 70 mole percent of ^ at 1 east one componSit of the formnla 




wherein is an alkyl group of from 1 to 4 carbon atoms, is, independently, a hydrogen 
atom or an alkyl group of from 1 to 4 carbon atoms, and each R is, independently an alkyl 
groiq) of fiom 1 to 4 carbon atoms, and i^erein tite total percentage of © and (ii) in the 
noixture is at least 90 mole percent, such mixture optionally containing iip to 1 0 mole percent 
of one or more isomers of (i) and (ii). 

15. A process of Claim 14 v^isrein the total percentage of Ql) and (ii) in said mixture 
of isomeric alkylthiated mononuclear aromatic amines prior to said contacting is at least 95 
mole p^x^ent and \^^in prior to said contacting such mixture optionally contains up to 5 
mole percent of one or more isomers of (i) and (ix). 

16. AprocessofClaim 15 wherein the mixture ofisomericalkylthiatedm 
aromatic amines prior to said contacting comprises in the range of 40 to 60 mole percent of 
Q, and in the range of 40 to 60 mole percent of (ii), and the total percentage of (i) and (ii) in 
the mixture of isomeric alkylthiated mononuclear aromatic amines prior to said contacting is 
at least about 97 mole percent, such mixture of isomeric alkylthiated mononuclear aromatic 
amines prior to said contacting optionally containing up to about 3 mole percent of one or 
more positional isomers of 0 and (ii). 

17. Aprocess of Claim 15 wherein the mixture of isomeric alkyltiiiated mononuclear 
aromatic amines prior to said contacting comprises in the range of 52 to 58 mole percent of 
C), and in the range of 42 to 48 mole percent of (ii), and the total percentage of Q and ^ in 
the mixture of isomeric all^ttiuated mononuclear aromatic amines prior to said contacting is 

at least about 98 mole percent, such mixture of isomeric alkylthiated mononuclear aromatic 

** 
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amines prior to said contacting optionally containing up to about 2 mole percent of one or 
more positional isomers of (i) azKl (if). 

18. AprocessofClaim 15\N4iereinQ^isal^drogenaJom, 

19. Aprocessof Claim IS^ereinthemixtureofisom^calkylthiatedmononucl^ 
aromatic amines prior to said contacting conqmses in the range of 40 to 60 mole perc^ of 
(i), and in the range of 40 to 60 mole percOTt of (ii), and the total percentage of (i) and ^) in 
the mixture of isomeric alkyhhiated mononuclear aromatic amines prior to said contactii^ is 
at least about 97 mole percent, such mixtitre of isomeric alkyifhiated mononuclear aromatic 
amines prior to said contacting optionally contaixring iqp to about 3 mole perc^t of one or 

« 

more positional isomers of (i) and (ii). 

20. Aprocess of Claim 18 wherein ihemixtureof isomeric alkylthiatedmononuclear 
aromatic amines prior to said contacting comprises in the range of 52 to 58 mole parent of 
(i), and in the range of 42 to 4 8 mole percent of (iQ, and the total ^fercentage of ^i) and (ii) in 
the mixture of isomeric alkylthiated mononuclear aromatic amines prior to said contacting is 
at least about 98 mole percent, such mixture of isomeric aU^lthiated mononuclear aromatic 
amines prior to said contacting optionally containing iq) to about 2 mole percent of one or 
more positional isomers of (i) and (ii). 

21. Aprocess of Claim 18 vrfierein±ealkyl groupinthe 1 -position is methyl and the 
alkylthio groups in components 0) and (ii) are, independently, methylthio or efhylthio groups. 

22. A process of Claim 21 wherein the mixture of isomeric alkylthiated mononuclear • 
aromatic amines prior to said contacting.comprises in the range of 40 to 60 mole percent of 
(i), and in the range of 40 to 60 mole percent of (if), and the total percentage of© and (ii) in 
tixe mixture of isomeric alkylthiated mononuclear aromatic amines prior to said contacting is 
at least about 97 mole percent, such mixture of isomeric alkyUhiated mononuclear aromatic 
amines prior to said contacting optionally containing up to about 3 mole percent of one or 
m<^ positional isomers of (i) and Oui). 

23. AprocessofCIaim21 wherein tiieniixturaofisomericallg^Itfaiatedmonon^^ 
aromatic amines prior to said contacting corqprises in the range of 52 to 5 8 mole percent of 
(i), and hi the range of 42 to 48 mole percent of (ii), and tiie total percentage of (i) and (ii) in 
the mixture of isomeric alkylthiated mononuclear aromatic amines prior to said contacting is 
at least about 98 mole percent, such mixture of isomeric alliylthiated mononuclear aromatic 
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amines prior to said contacting optionally containing iq) to about 2 mole percent of one or 
more positional isomers of (i) and (ii). 

24. Aprocess of Claim 18\^ereinsaidmixturedfisomedcalkyltUatedmononT^^ 
aromatic amines prior to said contacting is a noixture of 30 to 70 mole percent of 
3,5Kfi(methyWuo)-2,6-Kiiaminotoluene and in the range of 30 to 70 mole percent of 
3,5-di(methylthio)-2,4-diaminotoluene, such mixture of 3,5-di(methyl- 
thio)-2,6-diaminotolueae and 3^-di(mefliylthio)-2,4-diaminotolneneprior to sdd coiitact^ 
optionally containing up to about 1 0 mole percent of one or more positional isomers of (i) ai^ 

(ii). 

25. A process of Claim 24 wherein said mixture of 

3.5- <ii(methylthio)-2,6Kiiaimnotoluene and 3,5-di(methyItMo)-2,4Kiian3inotoIueiie prior to 
said contacting is a mixture of 40 to 60 mole percent of 3 ,5-di(mefhyltiuo)-2,6-diaminotoluene 
and in the range of 40 to 60 mole percent of 3,5Kii(meflQ^lthio)-^,6-diaminotolxiene, such 
mixture of 3,5-^(methyltMo)-2,6-diamino-toluene and 3,5-di(me£hyltbio)-2,4-diaminotoluene 
prior to said contacting optionally containing up to about 3 mole percent of one or more 
positional isomers of (i) and (ii). 

26. A process of Claim 24 ^^^lerein said mixture of 3,5-di(methylthio)- 

2.6- diaininotoluene and 3,5-di(methylthio)-2,4-diaminotoluene prior to said contacting is a 
mixture of 52 to 58 mole percent of 3,5-di(mefhylthio)-2,6-diaminotoluene and in the range 
of 42 to 48 mole percent of 3,5-di(methylthio)-2,6-diaminotoluene, such mixture of 
3,5-di(methyl-fhio)-2,6-diaminotoluene and 3,5-di(methylthio)-2,4-diaminotoluene prior to 
said contacting optionally containing \sp to about 2 mole perc^ of one or more positional 
isomers of (i) and (ii). 

27. A polyurefhane produced in accordance with a process of any of Claims 14-26. 

28. A polyurethane-urea or polyurea produced by reacting: 
A) a mixture of isomeric alkylthiatedmonozracleararoniarican^ 

of 30 to 70 mole percent of Q at least one component of the formula 
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and in the range of 30 to 70 mole percent of Qi) at least one component of the 
formula 




wherein is an alkyi group of from 1 to 4 carbon atoms, is, independently, a 
hydrogen atom or an alkyl groxxp of from 1 to 4 carbon atoms, and each R is, 
independently an alkyl groxsp of from 1 to 4 carbon atoms, and \^erein the total 
pa*centage of (i) and (ii) in the mixture is at least 90 mole percent, sudi mixture 
optionally containing iq) to 1 0 mole percent of one or more isomers of (i) and (ii); with 

B) a di- or polyisocyanate or an isocyanate prepolymer containing free -NCO groiq)S, or 

C) a blend of a di- or polyisocyanate or an isocyanate prepolymer containing free -NCO 
groiq>s vn&L at least one hydroxyl- or amine-tenninated aliphatic compound. 

29. A polyurelhane-urea or polyurea of Qaim 28 wherein the total percentage 0 
and O^i) in said mixture of isomeric alkylthiated mononuclear anmiatic amines is at least 95 
mole percent and wherein such mixture optionally contains up to 5 mole percent of one or 
more isomers of (i) and (ii), . 
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30. A process for producmg a polyurethane-urea or pofyurea, prcK^ess 
comprises reacting: 

A) a mixture of isomeric alky Itbiated monomiclear aromatic amines cbinprising in &e range 
of 30 to 70 mole percent of (i) at least one component of the formula 




and in the range of 30 to 70 mole percent of Qi) at least one component of the 
formula 



Q' 




NHz 

Wherein is an alkyl gcovp of ftom 1 to 4 carbon atoms, is, indepeodetdiy, a 
hydrogen atom or an alkyl group of fix>m 1 to 4 carbon atoms, and each R is, 
indep^deotly an alkyl group of from 1 to 4 carbon atoms, and wherein the total 
percentage of Q and (ii^ in the mixture is at least 90 mole percent, such mixtuie 
optionally containing Tq> to 10 mole perc^t of one or more isomers of (i) and (if); wi& 

B) a di- or polyisocyanate or an isocyanate prepolymer containing jfree -NCO groups, or 

C) a blend of a di- or polyisocyanate or an isocyanate prepolymer containing free -NCO 
groups with at least one Iqrdroxyl- or amine-terminated aliphatic compound. 
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31. Aim)c«ssofaaim29wherdntheto^ 
of isomeric alkyllhiated mononuctear aromatic amines is at least 95 mole percent and herein 
such mixture optionally contains up to 5 mole p^mit of one or more isomers of (i) and Qx). 
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